Sixty-five cases of intracranial giant serpentine aneurysms (GSAs), including 61 cases reported in the literature and four additional cases presented in this study were reviewed. The clinical presentation, possible causes, natural history, and especially management of GSAs are discussed with emphasis on the need for aggressive intervention and multidisciplinary management.
Introduction
In 1977, Segal and McLaurin first introduced the concept of giant serpentine aneurysm (GSA) defined as partially thrombosed, giant aneurysms with an irregular vascular channel and as such to be a subcategory of intracranial giant aneurysms I . In 1995, Aletich et Al refined the definition to giant, partially thrombosed aneurysms (larger than 25 mm) with tortuous vascular channels that have a separate entrance and outflow pathway 2. There are contradictory findings in the review papers 1,2,3.4.5 as to exact number of cases reported as well as their clinical presentations, such as haemorrhage. We reviewed the literature and present four additional cases of which two were treated with STA-MCA bypass followed by balloon occlusion of the parent artery, in an attempt to clarify the reported findings and discuss the protocol of multidisciplinary management.
Case Reports

Case 1
A 27-year-old man presented with a history of subarachnoid haemorrhage which occurred 40 days earlier. At that time, he experienced sudden severe headache and vomiting. Neurologic examination revealed nucal rigidity and diplopia. CT scan showed an oval left frontotemporal mass measuring 2.5 x 2.0 x 3.0 cm in actual size of increased density with moderate mass effect as well as high density in the cisterns.
The diagnosis of intracranial neoplasm with haemorrhage was made and he was admitted to a local hospital. After 14 days of hospitalization with conservative management, his symptoms and signs disappeared and he was referred to our center for further evaluation. On admission, he was symptom-free and neurologically intact. Repeated CT study was unchanged but no longer demonstrated evidence of subarachnoid haemorrhage (figure lA, B).
Cerebral angiography revealed a giant serpentine aneurysm arising from the M1 segment of the left middle cerebral artery. Enhanced balloon test occlusion (EBTO) was clinically well tolerated but cross-filling symmetry test (CFST) was positive. A planned balloon occlusion of the parent artery was therefore not performed and instead a left superficial temporal artery to middle cerebral artery (STA-MCA) by-pass was carried out followed within 24 hours by left internal carotid artery occlusion with a detachable balloon. After the parent artery occlusion, angiography showed the anastomosis to be functioning well. At two year follow-up, he was free of symptoms and signs and resumed a normal life. The follow-up CT demonstrated aneurysmal decrease in size.
Case 2
A 38-year-old man was admitted to our center with a six-month history of diplopia and decreased right visual acuity. He was previously seen at another hospital where the diagnosis of intracranial neoplasm (craniopharyngioma) was made since CT had demonstrated a huge mass measuring 4 x 3 x 5 cm in actual size of heterogeneous attenuation beside and above the right side of the sella with egg-shell calcification of the capsule (figure 2A).
Neurologic examination revealed decreased right visual acuity and right 6th cranial never palsy. MRI study demonstrated a mass with mixed heterogenous signals compatible with thrombus of various stages, heavy mass effect and flow void within the lesion (figure 2B, C). MRA showed a serpentine vascular channel within the lesion ( figure 2D ).
Cerebral angiography demonstrated an irregular tortuous, ectatic vascular channel arising from the petrosal segment of the right internal carotid artery and involving the Ml, Al and posterior communicating artery of the right side with slow circulation within the channel (figure 2E, F).
EBTO was clinically tolerated but CFST was positive. Pre-occlusion right STA-MCA by-pass was performed and detachable balloon occlusion of the right carotid artery just below the entrance of the aneurysm was carried out within 24 hours. After the parent artery occlusion, the bypass functioned well (figure 2G, H). He was discharged improving sevendays later. At 18 month follow-up, his symptoms and signs resolved and he resumed his previous job.
Case 3
A 22-year-old man was referred to our center for cerebral angiography prior to pituitary adenectomy. He had a history of headache, ver-WAnshun tigo, and decreased intelligence for more than ten years. Neurologic examination revealed dyscalculia and acromegaly. CT scan demonstrated a mass measuring 3.5 x 4.3 x 3 cm in actual size of increased density. On angiography, a serpentine aneurysm was demonstrated arising from the left supraclinoid internal carotid artery and involving the left Ml with slow circulation. His family declined treatment.
Case 4
A 5 year-old boy had a history of headache and seizures over the last two years, for which he was evaluated with CT scan and underwent exploratory craniotomy with a diagnosis of intracranial haematoma three months before admission at another hospital. Postoperative diagnosis was a "mass of vascular origin". CT scan showed a mass measuring 3.7 x 2.3 x 2 cm in actual size of high density in the middle of the anterior cranial fossa.
Cerebral angiography demonstrated an irregular, ectatic vascular channel coursing through the mass from the A2 segment of the right anterior cerebral artery extending towards the distal normal branches. A by-pass between the two anterior cerebral arteries was proposed to be followed by parent artery occlusion but the treatment was refused by his family.
Cases of GSA in the Literature
There are five reports reviewing GSAs in the literature 1,2,3,4,5. Among the reviewed cases, one reported by Castleman and Kibbee 6 which was also selected by Haddad and Haddad, and Aletich et Al is considered to be different from GSA by definition and is therefore excluded in our review. One case was apparently reported in three different articles 2,7,S and is therefore considered to account for one case in our review. Sixty-five cases are identified here including our own four cases (table 1).
One case of GSA reported by Pinto et Al among 21 cases of giant aneurysm had no detailed discription except diplopia as symptom and the right cavernous carotid artery as location 9 . Thirteen cases by Mawad and Klucznik were summarized with respect to GSA location, management, and complications but no further details were provided 10. 
Discussion
Clinical Findings
The clinical presentation of patients with GSAs is summarized in figure 3 based on material available in 51 of the 65 cases. The main clinical presentation of GSAs is mass effect, ischemia and haemorrhage. Subarachnoid haemorrhage occurred in 23.5% (12 of 51 ). GSAs predispose to male gender (41 of 64). They ranged in age from 5 to 69 years with mean age of 41 years. 43% (28 of 65) of GSAs are located at territory of the middle cerebral artery, 20% (13 of 65) at the internal carotid artery, 14% (9 of 65) at the posterior cerebral artery, 6% (4 of 65) at the basilar and vertebral arteries respectively, 5% (3 of 65) at the basilar-vertebral junction, 3% (2 of 65) at the PICA, and 1.5% (1 of 65) at the anterior cerebral artery and the posterior communicating artery, respectively.
All cases underwent cerebral angiography, 46 cases had a CT scan, more than ten cases had an MRI study 2.7, 10. 1\ and six cases had an MRA study 10. CT is capable of demonstrating the location of the GSA, subarachnoid haemorrhage, and calcification of the wall, while MRI is capable of demonstrating location, thrombus of various stages, and flow void inside GSA and adjacent edema but is less sensitive to calcification and subarachnoid haemorrhage. MRA is able to show the serpentine patent channel.
Cerebral angiography is able to demonstrate the serpentine channel, normal branches distal to the aneurysm, and slow circulation 2.4 ,5 ,7, 10,14, 16, 17 in the aneurysm in detail but does not demonstrate the thrombosed portion of the aneurysm and may be normal when complete thrombosis of the aneurysm has occurred.
Histopathological Study and Pathogenesis
Operative or postmortem specimens of 18 cases reported in the literature were examined histopathologically 1,12,14.26 . GSAs differ from giant sacculer or fusiform aneurysms and should be considered a subset of giant aneurysms 1.24.5.10.22 .
On macropathologic observation, GSAs do not occur at the apical media gap at which a saccular aneurysm arises and have an irregular channel coursing eccentrically or centrally through the thrombus inside the aneurysm with separate inflow and outflow pathways. They do not have the funnel-like appearance of a fusiform aneurysm.
Light microscopic study demonstrates that the aneurysmal wall consists of fibrous tissue measuring 2-4 mm in thickness often with calcification, loss or almost completely loss of internal elastic lamina and muscularis, with a number of small vessels. The sac contains thrombi of various ages occasionally with calcification and haemorrhage. The vascular channel has no endothelial lining nor do the tiny channels end blindly in the thrombus. There are cases in which GSA developed from both saccular or fusiform aneurysms 3,4.16.2325.27,29. Tomasello considered that GSA evolved from a fusiform aneurysm 24 while Fodstad postulated that GSA developed from a saccular aneurysm through the Co and a effect 23 . We propose that congenital defects of the arterial wall combined with dissection caused by an acquired injury are the possible underlying cause of GSA formation because GSAs occur in all ages from 5 to 69, and because the gross appearance of GSAs is similar to one of , intracranial dissection 8 
and the findings of
GSAs on MRI to those of intracranial dissection 41 . 46
Natural History
The natural history of GSA is still unclear. Two cases reported by Aletich 2 and Kumabe 1", respectively, spontaneously thrombosed, but clinically one of them deteriorated and the patient finally died from increasing intracranial hypertension. The majority of GSAs did grow over time 4,13.16, l7,25,39 and haemorrhage occurred WAnshun in 23.5% . four of seven cases without treatment had a GOS of 5 with follow-up from two months to one year. These data would support aggressive management.
Multidisciplinary management
Ten cases had limited surgical treatment, including exploratory craniotomy, partial resection, CSF shunt, trapping, wrapping and coating. In this group, seven cases had a GOS of 5, one case had a GOS of 3, one case had a GOS of 2, and one case had a GOS of 1 and underwent CSF shunt 3 years and 5 months later owing to progressing intracranial hypertension.
26 cases had aggressive surgical treatment, including resection, trapping plus resection, parent artery ligation or clipping with or without functional bypass. In this group, eight cases had a GOS of 1 with functional bypass plus wrapping, trapping, clipping, or parent artery occlusion, five cases had a GOS of 2 with mere parent artery occlusion, and nine cases had a GOS of 1 and four cases had a GOS of 2 with mere resection.
Four cases were both surgically and endovascularly treated, including parent artery balloon occlusion plus functional bypass or/and thrombectomy as well. Three cases of the four had a GOS of land one case had a GOS of 2. Eight cases were treated endovascularly alone. six of the eight had a GOS of 1 and two had a GOS of 2.
The aggressive treatment resulted in better outcome than the conservative treatment. It seems that with functional bypass, the outcome of patients was better than that without functional bypass but more data are needed to reach a definitive conclusion. Treatment of GSAs should aim to arrest the growth of GSA, to obliterate the mass effect, to prevent the haemorrhage, and to protect cerebral perfusion.
This can be achieved by means of surgery, endovascular procedures, or a combination of both. Surgical means can provide immediate therapeutic effect but are more invasive and sometimes may be impossible. Endovascular means are effective, less invasive and carry a low morbidity and mortality rate but need time to have effect 2. A combination of endovascular and surgical means is the best management of GSA. Decision-making with regard to treat- ment of GSA should be on the basis of clinical presentation, location, and collateral circulation as well as the capabilities of the treatment team.
Management Protocol
Based on the results of the literature 42·48 and our own experience with treatment of more than 30 cases of intracranial giant aneurysms with endovascular detachable balloon occlusion of the parent artery, we propose the following protocol for GSA management ( figure  4 ). As a first step we recommend performing a BTO with a detachable balloon system. BTO is important in the evaluation of cross-filling via the circle of Willis. Various methods of BTO have been proposed to improve the predictive value of this test 2.45.46 . Delayed stroke occurred in 4 %-13 % of patients who passed BTO 4347 and stroke-related mortality is 3% with permanent occlusion 47. The main reason for this discrepancy is that BTO is insensitive to marginal CBF reserves and flow-related infarction may develop after permanent occlusion in particular following episodes of hypotension, anemia, hypoxemia, and hypoglycemia 44.48.
Supplementary techniques to BTO have been developed in an attempt to predict the risk of stroke after permanent occlusion with negative BTO, and they include the use of stable xenon CT CBF47. BTO identifies a group of patients in which the CBF drops to approximately 21-23 ml / 100 mg / minute while BTO with stable xenon CT CBF identifies a group of patients in which the CBF may be diminished Outcome Scale, 1 for good recovery, 2 for moderate disability, 3 for severe disability, 5 for death; SAH = subarachnoid haemorrhage; n. d = no description.
'-by as much as 24-30 ml / 100 mg / minute 47. However 10% of patients who passed BTO with stable xenon CT CBF still developed delayed stroke after permanent occlusion 47. One factor may be that the current criteria for marginal CBF reserves are not accurate and should be lowered. We currently use EBTO together with CFST instead of BTO alone. EBTO is that the systolic pressure of a patient is reduced to 90-100 mmHg or to 2/3 of the baseline, BTO is performed according to a widely accepted method and the test lasts 30 minutes. Failure to tolerate the test indicates positive otherwise negative.
The method of CFST is that through the femoral artery opposite to the femoral artery through which EBTO is being performed, the angiography of the opposite internal carotid artery is performed while the test balloon is still inflated at the end of EBTO. Any asymmetry of the both sides of the brain in the arterial, parenchymatous, and in particular the venous phases with delay more than 1.5 seconds on the aneurysmal side indicates positive otherwise negative.
For patients with GSAs at ICA,VA, and/or BA who pass CFST, the occlusion balloon is detached in a straightforward manner if a detachable balloon catheter system is used for testing. For patients with GSAs in the territories of the MCA, PCA, PICA, and ACA who pass CFST, the occlusion of the parent artery is best achieved by coils, adhesive, or a combination of both 10. Treatment is performed in one sitting. For patients who do not pass the EBTO or CFST, a functional bypass should be performed first. In the situation where patients present with raised intracranial pressure and mass effect or ventricular enlargement, CSF shunting or thrombectomy should be considered part of the treatment.
